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Abstract: Multiple host-specific molecular markers were used to detect the sources of faecal pollution in a 
mixed land use non-sewered catchment in Southeast Queensland, Australia. These markers included 
human-specific Bacteroides (HF183 and HF134), cattle-specific Bacteroides (CF128), dog-specific 
Bacteroides (BacCan) and human-specific enterococci surface protein (esp) markers. The sensitivity and 
specificity of these markers were determined by testing 197 faecal samples from 13 host groups. The overall 
sensitivity and specificity of these markers was high (sensitivity ≥ 85% and specificity ≥ 93%) indicating their 
suitability for detecting the sources of faecal pollution. Of the 16 samples collected from the study area, 14 
(87%) were positive for at least one of the molecular marker tested. Amongst all the markers, cattle-specific 
CF128 was more prevalent than others, followed by human-specific HF183 which was consistently detected 
in samples collected from sites within close proximity to urban development. Significant correlations were 
found between E. coli and enterococci concentrations with the positive/negative results of human-specific 
Bacteroides HF183 (p < 0.001, p < 0.0001) and HF134 (p < 0.001, p < 0.004) markers. No correlations were 
found between faecal indicators (E. coli or enterococci) with the CF128 or BacCan markers. A significant 
correlation was also found between enterococci concentrations and the presence/absence of the esp marker 
(p < 0.02). Based on the results, it appears that the host-specific markers are a sensitive measure of 
sources of faecal pollution in surface waters in Southeast Queensland, Australia.
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Abstract13
Multiple host-specific molecular markers were used to detect the sources of faecal pollution in a mixed 14
land use non-sewered catchment in Southeast Queensland, Australia. These markers included human-15
specific Bacteroides (HF183 and HF134), cattle-specific Bacteroides (CF128), dog-specific 16
Bacteroides (BacCan) and human-specific enterococci surface protein (esp) markers. The sensitivity 17
and specificity of these markers were determined by testing 197 faecal samples from 13 host groups. 18
The overall sensitivity and specificity of these markers was high (sensitivity ≥ 85% and specificity ≥ 19
93%) indicating their suitability for detecting the sources of faecal pollution. Of the 16 samples 20
collected from the study area, 14 (87%) were positive for at least one of the molecular marker tested. 21
Amongst all the markers, cattle-specific CF128 was more prevalent than others, followed by human-22
specific HF183 which was consistently detected in samples collected from sites within close proximity 23
to urban development. Significant correlations were found between E. coli and enterococci 24
concentrations with the positive/negative results of human-specific Bacteroides HF183 (p < 0.001, p < 25
0.0001) and HF134 (p < 0.001, p < 0.004) markers. No correlations were found between faecal 26
indicators (E. coli or enterococci) with the CF128 or BacCan markers. A significant correlation was 27
also found between enterococci concentrations and the presence/absence of the esp marker (p < 0.02). 28
Based on the results, it appears that the host-specific markers are a sensitive measure of sources of29
faecal pollution in surface waters in Southeast Queensland, Australia. 30
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Introduction35
Faecal pollution from humans and animals is one of the leading causes of the degradation of surface36
water quality. Traditionally, faecal indicator bacteria (FIB) such as total coliforms, faecal coliforms, 37
Escherichia coli and enterococci have been used as surrogates for pathogenic microorganisms.38
However, significant shortcomings in using traditional FIB have been reported in the literature. These 39
include – 1) their inability to differentiate between human and animal sources of faecal pollution, 2) 40
ability to grow, survive and establish populations in various natural environments and 3) poor 41
correlation with the presence of pathogenic microorganisms (Desmarais et al., 2002; Horman et al.,42
2004). For this reason, a number of other indicators (Bacteroides spp., Bifidobacteria spp., F-RNA 43
coliphage and human enteric viruses) have been suggested as alternative indicators of faecal pollution44
(Kreader, 1995). It has to be noted that the use of these organisms for routine monitoring is not 45
practical because of difficulties in isolation and identification. However, the recent advances in 46
* Manuscript
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2polymerase chain reaction (PCR) technology offers rapid detection and identification of these 47
indicators.    48
49
The members of the Bacteroides genus hold promise as an alternative FIB of faecal pollution (Kreader,50
1995) due to a number of advantages including their short survival rates outside the hosts, exclusivity 51
to the gut of warm-blooded animals and comprising a larger portion of faecal bacteria compared to 52
faecal coliforms or enterococci (Sghir et al., 2000). It has been reported that some species in the genus 53
Bacteroides could be host-specific (Allsop and Stickler, 1985). A recent study reported the 54
identification of human- and bovine-specific Bacteroides-Prevotella 16S rRNA gene markers by using 55
length heterogeneity (LH) PCR and terminal restriction fragment length polymorphisms (T-RFLP). It 56
was concluded that these markers could be used to detect human or bovine origin faecal pollution 57
(Bernhard and Field, 2000a,b). In view of this, other researchers have developed PCR primers to detect 58
faecal pollution from animal host groups such as pigs, horses (Dick et al., 2005) and dogs (Kildare et 59
al., 2007). Another study reported the enterococci surface protein (esp) gene (i.e. a putative virulence 60
factor) found in E. faecium strains as a potential marker for the identification of human faecal pollution61
(Scott et al., 2005). This marker was found to be widely distributed in sewage in the USA and reported 62
to be host-specific. PCR detection of host-specific markers is rapid, sensitive and some of them have 63
been shown to be accurate when evaluated against blind test samples (Griffith et al., 2003). 64
Consequently, PCR assay of host-specific markers has emerged as a potential tool for faecal pollution 65
tracking studies in the USA, Europe and Japan (Bernhard et al., 2003; Okabe et al., 2006; Seurinck et 66
al., 2006; Gourmelon et al., 2007). 67
68
The primary objective of this study was to validate the previously published host-specific PCR markers69
(i.e. HF183, HF134, CF128, BacCan and esp) for the detection of sources of faecal pollution by testing 70
a large number of faecal samples from 13 host groups in Southeast Queensland, Australia. In addition, 71
water samples were also collected from a mixed landuse catchment and were tested for the presence of 72
PCR markers along with the enumeration of FIB. The results of the specificity and sensitivity of these 73
markers in host groups along with the positive/negative PCR results of water samples were then used 74
to identify the most likely sources of faecal pollution in the study area. 75
76
Methods77
Study area and water samples. Ningi Creek catchment was chosen for this study. This catchment is 78
located in Caboolture Shire in the Southeast Queensland region and is characterized by mixed landuse 79
including urban, agriculture and forestry. The catchment is serviced by septic systems and is 80
experiencing significant urban development. The effect of this development has become a major 81
concern for the local authorities in terms of faecal pollution in Ningi Creek. A recent study used an 82
antibiotic resistance analysis (ARA) library of E. coli and reported the presence of animal faecal 83
pollution in agricultural areas and increased human faecal pollution in close proximity to urban 84
developments (Carroll et al., 2007). Eight sampling sites (i.e. NC1-NC2) were chosen along the length 85
of the creek for water sampling (Figure 1). In all, 16 grab samples were collected on 2 occasions86
during low tide after rainfall events. Samples were collected in 1 L sterile bottles after storm events87
and were transported to the laboratory and tested within 6-8 h. The membrane filtration method was 88
used to process water samples. The procedures for the isolation, confirmation and enumeration of E. 89
coli and enterococci were described elsewhere (Ahmed et al., 2007). The detection of general 90
Bacteroides, host-specific Bacteroides and esp marker was undertaken according to the published 91
methods with a few changes. Briefly, 500 mL of water samples were filtered through 0.45 µm 92
membranes. The filters were suspended in GITC buffer overnight at -80°C (Bernhard et al., 2003) and 93
the DNA was extracted using DNA tissue kit (Qiagen Inc. Valencia, CA, USA). For esp, the same 94
3volume of water used for DNA extraction but a cultural enrichment step was performed prior to DNA 95
extraction (Scott et al., 2005). 96
97
98
Figure 1 Sampling sites in Ningi Creek in Caboolture Shire Southeast Queensland. Australia99
100
Origin of faecal samples. In 2006, host-specific PCR markers were used to detect human faecal 101
pollution in 3 non-sewered catchments in Southeast Queensland region (Ahmed et al., 2007). To 102
determine the specificity and sensitivity of the markers, 197 faecal samples (approximately 1 gm from 103
each individual) were collected from various host groups. DNA was extracted by using DNA stool kit104
(Qiagen) and stored at -20°C. 105
106
PCR assay. The primers (Bernhard and Field, 2000a,b; Scott et al., 2005; Kildare et al., 2007) used to 107
amplify host-specific markers in faecal and water samples are given in Table 1. For all markers PCR 108
was carried out in a volume of 50 µl reaction mixture containing 45 µl platinum blue supermix 109
(Invitrogen, Carlsbad, CA), 0.3 µM of each primer and 2 µl of template DNA. PCR cycling parameters 110
were 15 min at 95°C for initial denaturation and 35 cycles of 94°C for 30 s, 59°C for 1 min for 111
annealing and 72°C for 10 min. To detect amplified products, 5 µl aliquot of the PCR product was 112
visualized by electrophoresis through 2% E-gel® (Invitrogen) and exposure to UV light. For human-113
specific Bacteroides, positive controls (i.e. DNA from sewage or animal species) specific to each 114
marker was included in each assay. For the esp marker, a positive control (E. faecium C68 strain,115
provided by Dr. Louis B. Rice of the Louis Stokes Cleveland Veterans Affairs Medical centre in 116
4Cleveland, OH, USA) was included in each assay.  Samples were recorded positive when the PCR 117
product was equal in size to the positive control band (Table 1). DNA cloning and sequencing was 118
performed for the verification of the PCR amplified products.   119
120
Table 1 Primers used for PCR assay 121
Primers Target species Oligonucleotide sequence (5´- 3´) Size of 
product 
(bp)
Bac32F General Bacteroides AAC GCT AGC TAC AGC CTT 700
Bac708 CAA TCG GAG TTC TTC GTG
HF183 Human-specific Bacteroides ATC ATG AGT TCA CAT GTC CCG 520
Bac708 CAA TCG GAG TTC TTC GTG
HF134 Human-specific Bacteroides ATC ATG AGT TCA CAT GTC CCG 570
Bac708 CAA TCG GAG TTC TTC GTG
CF128F Cattle-specific Bacteroides CAA ACY TTC CCG WTA ACT 580
Bac708 CAA TCG GAG TTC TTC GTG
BacCanF Dog-specific Bacteroides GGA GCG CAG ACG GGT TTT 145
BacUni690R CAA TCG GAG TTC TTC GTG ATA TCTA
espF Human-specific E. faecium  TAT GAA AGC AAC AGC ACA AGTT 680
espR ACG TCG AAA GTT CGA TTT CC
122
Statistical analysis. Sensitivity and specificity are commonly used parameters for the validation of 123
host-specific markers (Bernhard and Field, 2000b; Scott et al., 2005). The sensitivity and specificity of 124
host-specific markers were determined as: sensitivity = a/(a + c) and specificity = d/(b + d), where ‘a’ 125
is true positive (samples were positive for the marker of its own species), ‘b’ is false positive (samples 126
positive for the marker of another species), ‘c’ is false negative (samples were negative for the marker 127
of its own species), ‘d’ is true negative (samples were negative for the marker of another species) 128
(Gourmelon et al., 2007). Binary logistic regressions were also performed in order to obtain correlation 129
between the host-specific markers (positive/negative) and FIB concentrations for water samples. The 130
significance level was set to 0.05.  131
132
Results and Discussion 133
PCR positive results for host groups. In all, 197 faecal samples were tested from 13 host groups (Table 134
2). All faecal samples (100%) were positive for general Bacteroides. Of the 42 (i.e. 30 sewage and 12 135
septic samples) sewage/septic samples tested, all were positive for the human-specific HF183 and 136
HF134 Bacteroides markers. The HF183 marker could not be detected in any faecal samples from 137
animal host groups suggesting that the suitability of this marker to detect human faecal pollution. In 138
contrast, the HF134 marker was detected in 7 (35%) samples from dogs. The presence of this marker 139
in dogs could be due to the transfer of faecal bacteria between human and their companion pets (Dick 140
et al., 2005). Of the 20 cattle faecal samples tested, 19 (95%) were positive for the CF128 marker. In 141
addition, this marker was also detected in ruminants such as deer, goats and sheep and as well as non-142
ruminant (i.e. chickens) (Table 2). The study by Bernhard and Field (2000a) also reported the presence 143
of cattle marker in other ruminants and concluded that the CF128 marker should be considered as 144
ruminant marker rather than cattle marker. A recent study reported the presence of CF128 in pigs in 145
France (Gourmelon et al., 2007). However, our data indicate that the CF128 marker is mainly present 146
in ruminants and as well as in some non-ruminant animals such as chickens. However, the bands 147
obtained from chicken faecal samples were very weak indicating a low level of prevalence and for this 148
reason, the CF128 marker could potentially still be considered as a ruminant marker in this 149
geographical area. Of the 20 faecal samples tested from dogs, the BacCan marker (i.e. dog marker) was 150
5detected in 17 (85%) samples. However, this marker was also detected in samples from sewage/septic, 151
chickens and pigs. Similar findings were reported in a recent study by Kildare et al., (2007).152
Nonetheless, this marker was not detected in any samples from ruminants and therefore could 153
potentially be used to distinguish between ruminants and non-ruminant sources of faecal pollution. Of 154
the 42 sewage/septic samples tested 38 were positive for the esp marker. The marker was absent in 155
only 4 samples from septic tanks and the level of enterococci in these samples was quite low (i.e. < 1.5 156
X 101 CFU/100 mL). However, this marker was not detected in any faecal samples from animal host 157
groups indicating its potential for detecting human faecal pollution.158
159
Table 2 PCR positive results for host-groups160
Percentage of positive samples Host groups No of samples 
tested Bac32F HF183  HF134  CF128  BacCan  esp
Sewage/septic 42 100 100 100 0 9.5 90.5
Cattle 20 100 0 0 95 0 0 
Chickens 15 100 0 0 20 13 0 
Deer 10 100 0 0 20 0 0 
Dogs 20 100 0 35 0 85 0 
Ducks 15 100 0 0 0 0 0 
Goats 10 100 0 0 30 0 0 
Horses 14 100 0 0 0 0 0 
Kangaroos 15 100 0 0 0 0 0 
Pelicans 10 100 0 0 0 0 0 
Pigs 6 100 0 0 0 17 0 
Sheep 10 100 0 0 40 0 0 
Wild birds 10 100 0 0 0 0 0 
161
Specificity and sensitivity of the host-specific primers. The overall sensitivity of the HF183 and HF134 162
primers to detect human-specific HF183 and HF134 markers in sewage/septic was 100%. The HF183 163
marker was found to be more sensitive than the HF134 in the USA and European studies (Bernhard 164
and Field 2000a; Gourmelon et al., 2007). The overall specificity of these markers to differentiate 165
between sewage/septic and animal host groups was 100% (for HF183) and 95.5% (for HF134). The 166
CF128 marker also showed high sensitivity (95%) and high specificity (93%). The DogCan primer 167
showed the lowest sensitivity (85%) among all Bacteroides markers. The overall sensitivity of the esp168
marker was low (90%) compared to HF183 or HF134 Bacteroides markers. This was expected as the 169
prevalence of Bacteroides spp. is much higher in sewage/septic compared to enterococci. Nonetheless, 170
the esp marker showed 100% specificity. Although, it has to be noted that bacterial virulence genes171
(such as esp or E. coli virulence genes) have been reported to be associated with pathogenicity islands172
which have been demonstrated to undergo horizontal transfers occurring in humans and animals 173
(Leavis et al., 2004).174
175
Source identification of faecal pollution. The concentrations of FIB in the water samples ranged 176
between 9.1 X 102 and 1.2 X 104 CFU/100 mL (for E. coli) and 1.2 X 102 and 5.6 X 104 CFU/100 mL177
(for enterococci) (Table 3). Samples from sites NC1-NC3 were highly polluted in terms of FIB 178
concentrations compared to upstream sites (NC7-NC8). General Bacteroides were detected in all water 179
samples indicating recent faecal pollution in the creek. The water samples were collected after storm 180
events when a large number of bacteria are known to be washed into the creek due to surface runoff 181
from point and non-point sources (Ahmed et al., 2006). At least one host-specific marker was detected 182
in 14 (87%) out of 16 samples and the number of E. coli and enterococci in these samples was above 1 183
X 103 CFU/100 mL. Human-specific Bacteroides HF183 and HF134 markers were detected in 9 (56%) 184
and 6 (37%) samples respectively. This figure for human-specific esp marker was also 6 (37%). Cattle-185
6specific marker CF128 was detected in 11 (69%) samples whereas dog-specific marker BacCan was 186
detected in 5 (31%) samples. The HF183 marker was consistently detected in samples from sites NC2-187
NC5 which are experiencing urban development and serviced by septic systems. Samples from these 188
sites were also positive for human-specific HF134 and esp markers indicating the presence of human 189
faecal pollution. It has to be noted that the HF134 marker could be found in dogs and therefore, their 190
presence in water samples not only indicate faecal pollution from humans but also from dogs. Based 191
on the study outcomes, the use of the HF134 marker alone to detect human faecal pollution cannot be 192
recommended. However, this marker could be used in combination with either HF183 or esp markers 193
for confirmatory results where necessary. Similarly, the esp marker alone may not be adequate to 194
detect human faecal pollution due to low prevalence of the esp gene in enterococci. For example, water 195
sample NC5 (occasion 1) was negative for the esp marker but was positive for both human-specific 196
Bacteroides markers. The source of faecal pollution would not have been identified as human in this 197
sample if only the esp marker was used. This outlines the importance of the enrichment step in the 198
extraction method for this marker. In addition to enrichment, a large volume of water (i.e. > 1L) could 199
be processed to improve the detection of the esp gene. The CF128 marker was found throughout the 200
creek and was more prevalent than other host-specific markers. The high prevalence could be due to 201
the fact that this marker was not only found in cattle but also in other ruminants (i.e. sheep, goats and 202
deer). The upstream of the catchment is extensively used for agricultural practices and cattle farming.203
Runoff from cattle farms may have introduced this marker to the creek. The dog marker BacCan was 204
also found in sites NC2-NC4. However, the results should be interpreted with caution as other host 205
groups such as sewage/septic, pigs and chickens could not be ruled out as contributors of this marker.206
Nonetheless, the presence of dog marker in water samples indicates the presence of non-ruminant 207
faecal pollution in these sites.   208
209
Table 3 Detection of faecal pollution in water samples from Ningi Creek catchment 210
Number of indicators 
(CFU/100 mL)
PCR results (+/-)Water 
samples 
E. coli Enterococci Bac32 HF183 HF134 CF128 BacCan esp
Occasion 1
NC1 2.1 X 103 4.1 X 103 + + - - - +
NC2 3.6 X 103 3.2 X 103 + + - + + -
NC3 4.9 X 103 1.3 X 104 + + + + + +
NC4 4.1 X 103 1.9 X 104 + + + - + +
NC5 1.2 X 104 4.3 X 104 + + + + - -
NC6 3.9 X 103 2.8 X 104 + + - + - +
NC7 3.1 X 103 3.9 X 103 + - - + - -
NC8 3.4 X 103 1.4 X 103 + - - + - -
Occasion 2
NC1 3.1 X 103 3.7 X 103 + - - + - -
NC2 9.1 X 102 1.0 X 102 + + - - - -
NC3 4.9 X 104 3.9 X 103 + + + - + -
NC4 4.4 X 104 5.6 X 104 + + + + + +
NC5 4.2 X 104 3.9 X 104 + + + + - +
NC6 1.1 X 103 2.1 X 103 + - - + - -
NC7 1.6 X 103 3.1 X 102 + - - + - -
NC8 2.1 X 103 1.2 X 102 + - - - - -
211
Binary logistic regressions were used to identify whether any correlation exists between the 212
concentrations of FIB (E. coli and enterococci) and the positive/negative results host-specific markers213
in water samples (n=16) as shown in Table 3. Significant correlations were found between E. coli and 214
7human-specific Bacteroides markers (HF183, p < 0.001; HF134, p < 0.001). Similar results were 215
obtained for enterococci (HF183, p < 0.0001; HF134, p < 0.004). No correlations were found between 216
both FIB and CF128 or BacCan markers. A significant correlation was also found between enterococci 217
and the esp marker (p < 0.02) compared to E. coli (p > 0.30). Such inconsistency between FIB and 218
host-specific markers has been previously reported (Gourmelon et al., 2007). This could be due to the 219
fact that faecal indicators and markers have different survival rates in the environment. Little is known220
regarding the persistence of host-specific markers in the environment compared to traditional FIB221
(Dick et al., 2005; Field and Samadpour, 2007). Therefore, consistent correlation cannot be expected222
from environmental samples.223
224
Conclusions 225
In conclusion, host-specific PCR markers were shown to be reliable to detect faecal pollution from 226
humans and animal sources in the Southeast Queensland region. Among all markers, Bacteroides227
HF183 performed well in identifying the sources of human faecal pollution. However, combination of 228
multiple human-specific markers provides greater reliability regarding the presence/absence of human 229
faecal pollution when one marker is not sufficient enough to identify human faecal pollution. The 230
CF128 marker also performed well in identifying ruminant faecal pollution. Such information would 231
be vitally important to water quality managers who are charged with protecting water quality. To our 232
knowledge, this is the first study in Australia that assessed the specificity and sensitivity of multiple 233
host-specific markers followed by testing water samples to detect faecal pollution. PCR detection is 234
rapid as thousands of bacteria can be screened without cultivation and also appears to be adequately235
sensitive to detect faecal pollution. However, some of these methods are not quantitative and can only 236
be used to detect faecal pollution from humans and certain animal species. In addition, the correlation 237
between traditional FIB and host-specific markers is not well understood and warrants further 238
investigation. As part of the on-going research program, a real-time PCR assay for human-specific 239
markers as well as multiplex PCR assays to detect faecal pollution from human and animal host groups 240
simultaneously is being undertaken. 241
242
Acknowledgements243
This study was supported by Queensland Department of Natural Resources and Water (DNRW) and 244
Queensland University of Technology (QUT). Our thanks to Mr. Col Christiansen from DNRW for 245
assistance with GIS mapping. 246
247
References248
Ahmed, W., Neller, R. and Katouli, M. 2006. Population Similarity of enterococci and Escherichia coli in 249
surface waters : A predictive tool to trace the sources of fecal contamination. Journal of Water and 250
Health, 4(3): 347-356.  251
Ahmed, W., Stewart, J., Gardner, T., Powell, D., Brooks, P., Sullivan, D. and Tindale, N. 2007. Sourcing 252
faecal pollution: A combination of library-dependent and library-independent methods to identify 253
human faecal pollution in non-sewered catchments. Water Research, 41(16): 3771-3779.  254
Allsop, K. and Stickler, J. D. 1985. An assessment of Bacteroides fragilis group organisms as indicators of 255
human faecal pollution. Journal of Applied Bacteriology, 58(1): 95-99.  256
Bernhard, A. E. and Field, K. G. 2000a. Identification of nonpoint sources of fecal pollution in coastal waters by 257
using host-specific 16S ribosomal DNA genetic markers from fecal anaerobes. Applied and  Environmental 258
Microbiology, 66 (4), 1587-1594. 259
Bernhard, A. E. and Field, K. G. 2000b. A PCR assay to discriminate human and ruminant faeces on the basis of 260
host-differences in Bacteroides-Prevotella genes encoding 16S rRNA. Applied and Environmental 261
Microbiology, 66(10), 4571-4574. 262
Bernhard, A. E., Goyard, T., Simonich, M. T. and Field, K. G. 2003. Application of a rapid method for 263
identifying fecal pollution sources in a multi-use estuary. Water Research. 37(4): 909-913. 264
8Carroll, S., Dawes, L., Hargreaves, M. and Goonetilleke, A. Identification of sources of faecal source isolates in 265
Ningi Creek, Australia. On-site conference 07, University of New England, Australia, September 25-27.   266
Desmarais, T. R., Solo-Gabrielle, H. M. and Palmer, C. J. 2002. Influence of soil on fecal indicator organisms in 267
a tidally influenced subtropical environment. Applied and Environmental Microbiology, 68(3): 1165-1172. 268
Dick, L. K., Bernhard, A. E., Brodeur, T. J., Santo Domingo, J. W., Simpson, J. M., Walters, S. P. and Field, K. 269
G. 2005. Host distributions of uncultivated fecal Bacteroides bacteria reveal genetic markers for fecal source 270
identification. Applied and Environmental Microbiology, 71(5): 3184-3191.   271
Field, K. G and Samadpour, M. 2007. Fecal source tracking, the indicator paradigm, and managing water 272
quality. Water Research, 41(16): 3517-3538.273
Gourmelon, M., Caparis, M. P., Segura, R., Mennec, C. L., Lozach, S., Piriou, J. Y. and Rince, R. A. 2007. 274
Evaluation of two library-independent microbial source tracking methods to identify sources of fecal 275
contamination in French estuaries. Applied and Environmental Microbiology, 73(15): 4857-4866.  276
Griffith, J. F., Weisberg, S. B. and McGee, C. D. 2003. Evaluation of microbial source tracking methods using 277
mixed sources in aqueous test samples. Journal of Water and Health, 1(4): 141-151. 278
Horman, A., Rimhanen-Finne, R., Maunula, L., von Bonsdorff C-H., Torvela, N., Heikinheimo, A. and 279
Hanninen, M-L. 2004. Campylobacter spp., Giardia spp., Cryptosporidium spp., Noroviruses, and indicator 280
organisms in surface waters in southwestern Finland, 2000-2001. Applied and Environmental Microbiology,281
70(1): 87-95. 282
Kildare, B. J., Leutenegger, C. M., McSwain, B. S., Bambic, D. G., Rajal, V. B. and Wuertz, S. 2007. 16S 283
rRNA-based assays for quantitative detection of universal, human-, cow and dog-specific fecal 284
Bacteroidales: A Bayesian approach. Water Research, 41(16): 3701-3715.  285
Kreader, C. A. 1995. Design and evaluation of Bacteroides DNA probes for the specific detection of human 286
fecal pollution. Applied and Environmental Microbiology, 61(4): 1171-1179. 287
Leavis, H., Top, J., Shankar, N., Borgen, K., Bonten, M., van Embden, J. and Willems, R. J. L. A novel putative 288
enterococcal pathogenicity island linked to the esp  virulence gene of Enterococcus faecium and associated 289
with epidemicity. J. Bacteriology, 186(3): 672-682.  290
Okabe, S., Okayama, N., Savichtcheva, O. and Ito, T. 2006. Quantification of host-specific Bacteroides-291
Prevotella 16S rRNA genetic markers for assessment of fecal pollution in freshwater. Applied Microbiology 292
and Biotechnology, 74(xx): 894-901. 293
Seurinck, S., Verdievel, M., Verstraete, W. and Siciliano, S. D. 2006. Identification of human fecal pollution 294
sources in a coastal area: a case study at Oostende (Belgium). Journal of Water and Health, 4(xx): 167-175. 295
Sghir, A., Gramet, G., Suau, A., Rochet, V., Pochart, P. and Dore, J. 2000. Quantification of bacterial groups 296
within human faecal flora by oligonucleotide probe hybridization. Applied and Environmental 297
Microbiology, 66(5): 2263-2266.   298
Scott, T. M., Jenkins, T. M., Lukasik, J. and Rose, J. B. 2005. Potential use of a host associated molecular 299
marker in Enterococcus faecium as an index of human fecal pollution. Environmental Science and 300
Technology, 39 (1), 283-287. 301
302
303
304
9
